Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental carcinogens (Connell et al. 1997; Conney 1982; Dipple 1985; Lesko 1984) . They are produced during forest tire, volcanic eruption, incomplete burning of fuel and other materials, tobacco smoke, and food processing (Baum 1978; Connell et al. 1997 ). Exposure to PAHs has been linked to the development of skin and lung cancers as it is summarized in the 8 th Report on Carcinogens (National Toxicology Program, 1998) . PAHs are considered relatively nontoxic themselves, but they can be activated after entering the cell. The first activation pathway is metabolism. PAH metabolic products, diol-epoxides or diones, have been known to be carcinogenic through DNA covalent adduct formation (Connell et al. 1997; Conney 1982; Devanesan et al. 1996; Dipple 1985; Lesko 1984) . The diolepoxides can alkylate DNA, usually by forming a bond to the exocyclic amino group of the guanine residue in duplex DNA (Geacintov et al. 1997) . The diones are able to oxidatively damage DNA or form DNA covalent adducts through free radical intermediates (Chen et al. 1996; Devanesan et al. 1996) .
Another pathway that enhances PAH toxicity is light activation. There have been studies on the photo-induced toxicity of individual PAH or mixtures toward organisms in the aquatic systems (Schirmer et al. 1999; Pelletier et al. 1997; Swartz et al. 1997) . It is found that PAHs are generally more toxic when the system is exposed to the simulated solar radiation (ssr) than if it is kept in the dark. The increase in toxicity due to ssr may exceed 100 times (Swartz et al. 1997) . It is suggested that PAHs act as photosensitizers (Pelletier et al. 1997) . After absorbing UV light energy, PAHs in the excited-state may transfer their energy to molecular oxygen to produce reactive oxygen species that cause a variety of damages to the cell. The phototoxicity can also be due to the formation of DNA covalent adducts. Under light irradiation, benzo[a]pyrene can form DNA covalent adducts or cause DNA strand breakage (Blackburn et al. 1977; Brooks and Lawley 1964; Hoard et al. 1981; Santamaria et al. 1966; Striste et al. 1980) . The presence of benzo[a]pyrene can also increase the formation of 8-hydroxy-2'-deoxyguanine (Liu et al. 1998) a compound generated by oxidative damage of DNA. It has been suggested that these DNA lesions are responsible for tumor induction and other adverse effects (Brooks and Lawley 1964; Camalier et al. 1981; Santamaria et al. 1966) . However, the studies so far have mostly focused on benzo[a]pyrene alone. In this research, we examined lightinduced DNA cleavage by some environmentally important 3, 4, 5-ring PAHs and their derivatives.
Correspondence to: H. Yu Figure 1) were purchased from Aldrich Chemical Co. (Milwaukee, WI). All of these compounds were in their highest purity grade and were used without further purification. PAH stock solutions, generally 1 mM, were prepared in dimethylformamide (DMF) and stored in brown containers in the refrigerator to exclude light. ΦX-174 Phage DNA (SO-90% supercoiled RF-l DNA with a molecular weight of 3.6 × 10 6 Da and approximately 5,386 base pairs) was purchased from Sigma Chemical (St. Louis, MO). Agarose, mono-, di-, and tri-basic sodium phosphate salt, TRIS base, boric acid, and EDTA were obtained from Fisher Scientific. All solvents used were spectroscopic grade. The water used (18 Ω ) for buffer preparation was deionized by a Barnstead Nanopure Infinity water deionization system. UVA-light induced plasmid DNA cleavage experiments were performed as following: Solutions (a total of 60 µL for each sample) containing ΦX174 Phage DNA and various amounts of PAHs were filled into the wells of a 3x8 flat-bottomed Titertek™ plate (ICN Biochemicals).
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The DNA concentration was set at 27 µM in base pairs in all experiments. The solution was buffered with 10 mM sodium phosphate at pH 7.1 and contained 4% DMF as co-solvent for better PAH solubility. Other solvent systems used in this study were 10% methanol and 20% DMF. The Titertek plate was tightly covered with a piece of glass plate and placed onto a Pyrex glass support/filter, which was placed
